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ABSTRACT 

T h i s  r e p o r t ,  Reference  T r a j e c t o r y  No. 5 (Guided 
R e e n t r y )  i s  i s s u e d  as volume 5E o f  Lunar  O r b i t  Rendezvous 
Refe rence  T r a j e c t o r y  Data  Package ( U ) ,  I s s u e  4 .  The f i rs t  
f o u r  volumes prepared by  Space Technology L a b o r a t o r i e s  a r e  
as f o l l o w s :  

Volume 5A - Summary and Refe rence  T r a j e c t o r y  No. 5 
Data E x h i b i t s ,  d a t e d  August 26, 1964, 
N O .  8408-6076-RC-000 

>Volume 5B - P r i n t o u t  Keys and Refe rence  T r a j e c t o r y  
No. 5 L i s t i n g  ( E a r t h  Launch t o  LEM 
F i n a l  D e s c e n t ) ,  da ted  August 26, 1964,  
NO. 8408-6077-RC-000 

Volume 5C - Reference  T r a j e c t o r y  No. 5 L i s t i n g  
Continued (LEM F i n a l  Descent t o  
E a r t h  Re-en t ry ) ,  dated August 26,  1964,  
N O .  8408-6078-RC-000 

Volume 5 D  - Reference  T r a j e c t o r y  No. 5 L i s t i n g  
Concluded ( R e - e n t r y ) ,  d a t e d  August 26, 1964,  
NO. 8408-6079-RC-000 

The above volumes c o n t a i n  a comple te  unguided r e f e r e n c e  
t r a j e c t o r y  i n c l u d i n g  t h e  r e - e n t r y  phase. T h i s  r e p o r t  (volume 5E) 
c o n t a i n s  a gu ided  r e - e n t r y  w i t h  t h e  same t e r m i n a l  c o n d i t i o n s  as 
t h e  unguided r e - e n t r y  of volume 5D. 
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The Refe rence  T r a j e c t o r y  Data Package t o  which t h i s  

i s  appended c o n t a i n s  an "open loop"  ( u n g u i d e d )  Apollo LOR 

t r a j e c t o r y .  F o r  t h e  powered f l i g h t  maneuvers t h e  f u l l  o p t i m i z e d  

s t e e r i n g  o r d e r s  of t h e  "open loop'' t r a j e c t o r y  r e s u l t  i n  good 

first a p p r o x i m a t i o n s  t o  t h e  f i n a l  gu ided  t r a j e c t o r i e s ,  I n  t h e  

r e - e n t r y  phase t h e  cor respondence  between t h e  "open loop"  and 

gu ided  t r a j e c t o r i e s  i s  l e s s  c l o s e .  The i n t e n t  o f  t h i s  volume 

i s  t o  p r e s e n t  t h e  r e s u l t a n t  LOR r e - e n t r y  t r a j e c t o r y  parameters 

as i n f l u e n c e d  by t h e  c l o s e d  loop  c o n t r o l  of t h e  MIT r e - e n t r y  

gu idance  l o g i c .  

The gu idance  l o g i c  u t i l i z e d  i s  t h a t  d e f i n e d  by  MIT 

as of J u l y  1, 1964,  The c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e  

res ta ted  from Volume 5A are:  

L/D max = . 4  

W = 57 l b s / s q .  f t .  - 
CDA 

ATMOSPHERE MODEL = U .  S, S t a n d a r d  A-TMOSPHERE, 1962 

The r e - e n t r y  phase i s  i n i t i a t e d  12895.8 min. from 

l i f t - o f f .  A t  t h e  p o i n t  o f  r e - e n t r y  the  v e h i c l e  has a l o n g i -  

t u d i n a l  r ange  t o  go of 2151.0 n a u t .  miles  and a l a t e r a l  r ange  

t o  go o f  198.8 n a u t .  miles t o  r e a c h  t h e  l a n d i n g  s i t e  l o c a t e d  
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a t  1 8 . 1  d e g r e e s  S l a t i t u d e ,  194.9 d e g r e e s  E l o n g i t u d e .  I n  

g u i d i n g  t h e  r e - e n t r y  v e h i c l e  t o  t h e  d e s i r e d  l and in r :  s i t e  f o u r  

c o n s e c u t i v e  modes of t h e  r e - e n t r y  g u i d a n c e  l o g i c  were u t i l i z e d .  

From i n i t i a l  e n t r y  t o  t h e  p o i n t  o f  i n i t i a l  l lpu l l -upl '  (RDOT=O) 

t h e  f l i g h t  p r o f i l e  was t h e  r e s u l t  o f  a f i x e d  f u l l  p o s i t i v e  

l i f t - u p  command. Commencing a t  p u l l - u p ,  t h e  f l i E h t  p r o f i l e  

was unde r  t h e  i n f l u e n c e  o f  t h e  " c o n s t a n t  drap," g u i d a n c e  node 

which c o n t i n u e d  u n t i l  t h e  v e l o c i t y  became l e s s  t h a n  2 8 , 0 4 3  f . p . s .  

A t  t h i s  t i m e  t h e  gu idance  e n t e r e d  t h e  " r e f e r e n c e  t r a j e c t o r y "  

g u i d a n c e  mode and c o n t i n u e d  t o  o p e r a t e  i n  t h i s  mode u n t i l  t h e  

v e l o c i t y  became less  t h a n  21,616 f . p . s .  and t h e  a l t i t u d e  r a t e  

( R D O T )  became n e c a t i v e .  A t  t h i s  p o i n t  i n  t h e  t r a j e c t o r y  t h e  

g u i d a n c e  e n t e r e d  t h e  f i n a l  " e q u i l i b r i u m  g l i d e "  mode and remained 

a t  t h i s  mode u n t i l  r e a c h i n g  t h e  t e r m i n a l  c o n d i t i o n s .  

T h i s  volume c o n t a i n s  t h e  p r i n t o u t  and p r i n t  k e v  p l u s  

p l o t t e d  time h i s t o r i e s  o f  s e v e r a l  i m p o r t a n t  t r a j e c t o r y  parameters. 

The  e q u i v a l e n t  i n f o r m a t i o n  f o r  t h e  "open loop"  r e - e n t r y  t r a -  

. j e c t o r y  i s  c o n t a i n e d  i n  Volumes 5 A  and 5 D .  
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OUTPUT KEY FOR GUIDED RE-ENTRY 

I 

X 

Y 

Z 

Components of t h e  missile p o s i t i o n  in  an earth 

c e n t e r e d ,  r i g h t  handed, i n e r t i a l  c o o r d i n a t e  system. 

The system is o r i e n t e d  such t h a t  t h e  X-Z p l a n e  

c o n t a i n s  t h e  t r u e  v e r n a l  equinox of da t e  and t h e  X-Y 

p l a n e  c o n t a i n s  t h e  equa to r .  The 2 axis passes 

through t h e  n o r t h  po le .  ( f t )  

XD Components o f  v e l o c i t y  i n  t h e  earth cen te red  

YD i n e r t i a l  Coordinate  system. ( f t / s e c )  

ZD 

= J .  Components o f  t h e  l and ing  s i t e  p o s i t i o n  i n  t h e  

YL ear th  cen te red  i n e r t i a l  c o o r d i n a t e  system. ( f t )  

ZL 

ALT 

R 

RDOT 

V I  

FPAI 

PSIV 

Al t i tude  w i t h  r e s p e c t  t o  t h e  F i s c h e r  e l l i p s o i d  1960, 

measured a l o n g  t h e  r a d i u s  vec to r .  ( f t )  

R a d i a l  d i s t a n c e  from t h e  c e n t e r  o f  t h e  earth. ( f t )  

Component of  i n e r t i a l  v e l o c i t y  a long  t h e  radius 

v e c t o r  R. ( f t / s e c )  

Magnitude o f  t h e  i n e r t i a l  v e l o c i t y .  ( f t / s e c )  

F l igh t  p a t h  wi th  r e s p e c t  t o  VI .  

i n e r t i a l  v e l o c i t y  v e c t o r  and t h e  l o c a l  g e o c e n t r i c  

h o r  i z o n t  a l ,  pos it i v e  upward (deg . ) 
Azimuth from n o r t h  o f  t h e  i n e r t i a l  v e l o c i t y  v e c t o r  

p r o j e c t e d  on a plane normal t o  t h e  radius vec to r .  (deg.)  

Angle between t h e  
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VA 

FPAA 

PSAV 

LAT 

LONG 

RTGN 

RTGL 

Magnitude of t h e  v e l o c i t y  r e l a t i v e  t o  t h e  a i r  m a s s . ( f t / s e c )  

F l i g h t  p a t h  w i t h  r e s p e c t  t o  t h e  VA. 

a i r  v e l o c i t y  v e c t o r  and t h e  l o c a l  g e o c e n t r i c  h o r i z o n t a l ,  

pos  it i v e  upward. (deg. ) 

Azimuth from n o r t h  of t h e  a i r  v e l o c i t y  v e c t o r  p r o j e c t e d  

on a p l a n e  normal t o  t h e  r a d i u s  v e c t o r .  (deg.)  

Geodet ic  l a t i t ude  of t h e  v e h i c l e  p o s i t i o n .  (deg . )  

Longi tude of t h e  v e h i c l e  p o s i t i o n .  (deg. ) 

Right  a scens ion  o f  t h e  l a n d i n g  s i t e  from t h e  v e h i c l e  

p o s i t i o n  v e c t o r  measured i n  t h e  in s t an taneous  p l ane  

of motion. The a n g l e  is p r o j e c t e d  t o  t h e  s u r f a c e  of  a 

s p h e r i c a l  earth.  (naut .  m i .  ) 

D e c l i n a t i o n  of t h e  l a n d i n g  s i t e  r e l a t i v e  t o  t h e  

Angle between t h e  

ACC 

DRAG 

FLY 

FLP 

i n s t a n t a n e o u s  p l a n e  of motion. The angle is projec ted  

t o  t h e  surface of  a s p h e r i c a l  earth. (naut .  mi.) 

Magnitude of t h e  t o t a l  a c c e l e r a t i o n  v e c t o r  ( f t / s e c 2 )  

Magnitude o f  t h e  aerodynamic drag f o r c e  a c t i n g  a long  

t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA. ( l b s . )  

Magnitude of  t h e  aerodynamic l i f t  f o r c e  a c t i n g  normal 

t o  t h e  r e l a t i v e  v e l o c i t y  v e c t o r  VA and i n  t he  in s t an taneous  

r e l a t i v e  p l a n e  of motion. ( l b s .  ) 

Magnitude of t h e  aerodynamic l i f t  f o r c e  a c t i n g  normal t o  

t h e  re la t ive v e l o c i t y  v e c t o r  VA and normal t o  t h e  

i n s t a n t a n e o u s  r e l a t i v e  p l a n e  of motion. ( l b s . )  

R a t i o  of t h e  magnitude of  t h e  aerodynamic a c c e l e r s t i o n  

t o  t h e  magnitude of t he  g r a v i t a t i o n a l  a c c e l e r a t i o n .  

GLOAD 
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ROLL R o l l  a t t i tude .  Angle between the l i f t  vector 

(defined i n  a plane normal t o  the r e l a t i v e  

ve loc i ty  vector) and t h e  l i n e  of  in te rsec t  ion 

of t he  r e l a t ive  plane of motion and t h e  plane 

normal t o  the r e l a t i v e  veloci ty  vector. Posi t ive 

0 t o  360 degrees counter clockwise as viewed from 

the  r e a r  of t h e  vehicle. 0 degrees representing 

max imum l i f t  up in  the  r e l a t i v e  plane of motion. 

(de& 1 

RLDOT Magnitude of the  r o l l  r a t e .  (deg/sec) 

TAG Guidance phase indicator  (1 t o  6) 

1 - guidance phase p r i o r  t o  i n i t i a l  p u l l  up 

2 - guidance ta rge t ing  i t e r a t i o n  phase 

(determines guidance s t ra tegy)  This  

phase occurs at  the  point of p u l l  up, 

requiring approximately 300 t o  500 

milliseconds of time t o  complete. 

3 - guidance "constant drag" o r  "reference 

t ra jec tory"  phase. For various range 

requirements e i t h e r  one or both of 

these phases may be required. 

5 - guidance atmospheric skip phase. This 

phase may o r  may not ex i s t  as ranging 

requirements d ic ta te .  

6 - guidance equilibrium gl ide  phase 
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FIGURE 3 INERTIAL A N D  RELATIVE FLIGHT PATH ANGLE 
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